were also estimated between 74-91%, demonstrating that the overall performance of the 43 classification model was satisfactory. The wavenumbers responsible for differentiation were 44 assigned to important biomolecules which can serve as a panel of biomarkers. These results
Introduction
Raman is a spectroscopic technique that extracts biological information by applying a 76 monochromatic, laser light onto the sample under interrogation; electrons are thus excited to 77 virtual energy levels. When these electrons return to the original energy level, in the form of a 78 photon, there is no energy shift (known as elastic or Rayleigh scattering), whereas when they 79 return to a lower or a higher energy level there is a gain or loss of energy, respectively (known 80 as inelastic or Raman scattering) 13 . The shift in the energy allows the generation of a spectrum 
86
The aim of the present study was to diagnose patients with Alzheimer's disease, in early 87 and late disease stages, and patients with DLB, as well as to discriminate between AD and 88 DLB. To achieve this, blood plasma was analysed with Raman spectroscopy as a minimally 89 invasive procedure that would also allow repeated measurements for follow-up of individuals.
90

Results
91
We enrolled 56 individuals into this study who were classified into 4 groups; early stage of the different groups due to gender (male vs female) ( Supplementary Fig. 8 ).
107
Early stage AD vs healthy individuals.
After pre-processing of the spectral data, 108 principal component analysis followed by linear discriminant analysis (PCA-LDA) was 109 applied to the derived dataset. A one-dimensional (1D) scores plot was generated to account 110 for differences and similarities between early stage AD and healthy subjects (Fig. 1A) algorithm that was used, achieving 84% sensitivity and 86% specificity, with the G-score 120 estimated at 85% and Youden's index at 70% (Table 2 , Supplementary Fig. 1A ).
121
Late AD vs healthy individuals. A similar approach was followed for the discrimination 122 between late AD and healthy individuals. Figure 2A represents Fig. 2, Supplementary Fig. 3 to contribute the most to the segregation between the classes, a peak assigned to Amide II 263 proteins (~1476 cm -1 ) and a peak assigned to C-C and C-S vibrations of proteins (~642 cm -1 )
264
were found to be statistically significant ( Supplementary Fig. 7 between AD and DLB. Moreover, no spectroscopic approach has been employed so far to 288 investigate DLB in more detail.
289
A limitation of the current study is the small number of participants, which can affect 290 sensitivity and specificity estimates. However, G-score values were estimated at 74-91%,
291
denoting that the models were not overfitted. G-score does not account the size of classes, thus
292
providing robust information about the classification ability even in smaller cohorts 44 .
293
Youden's index values ranged between 49% (early AD vs late AD) and 84% (late AD vs DLB).
294
This parameter is a probability indicator of the model's ability to avoid failure. Youden's 295 indexes above 70% for early AD vs healthy, DLB vs healthy and late AD vs DLB indicate that 296 these models have low probability of misclassification in the future. spectrometer coupled with a charge-coupled device (CCD) detector and a Leica microscope.
333
A 200 mW laser diode was used at a wavelength of 785 nm with a grating of 1200 l/mm, and 334 the system was calibrated to 520.5 cm -1 with a silicon source, before every run. After trial-and-
335
error measurements to optimise the experimental parameters, we concluded to a 10 second 336 exposure time, 5% laser power and 2 accumulations at a spectral range 2000-400 cm -1 to 337 achieve optimum spectral quality. Twenty-five point spectra were taken per sample using a 338 50× objective to focus the laser beam on the sample.
339
Pre-processing of spectral data and multivariate analysis. Spectra were initially 340 corrected for cosmic rays using the Renishaw WiRe software. An in-house developed IRootLab 341 toolbox (http://trevisanj.github.io/irootlab/) was then implemented within MATLAB
342
(MathWorks, Natick, USA) for further pre-processing and computational analysis of the data.
343
All spectra were cut at 1750-500 cm -1 , first order differentiated with Savitzky-Golay (SG) 
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